Summary. Seventeen neonatal bovine freemartins from eight twin, six triplet, two quadruplet, and one quintuplet, births were studied to determine whether the ratio of males to females in utero modified the severity of transformation of the reproductive system, type and extent of gonadal tissue and the proportion of polymorphonuclear neutrophil leucocytes containing sex nodules.
INTRODUCTION
In cattle, simultaneous development of male and female foetuses has been invoked to explain the modifications which may occur in the development of the reproductive system of the female twin, presumably due to androgens produced by the male co-twin (Lillie, 1917) . Recent cytogenetic and steroid studies have indicated that this classical explanation does not adequately explain the freemartin syndrome (Ryan, Benirschke & Smith, 1961 ; Fechheimer, Herschler & Gilmore, 1963; Jost, 1955 Jost, , 1967 Herschler & Fechheimer, 1967; Short, Hamerton, Grieves & Pollard, 1968) . Fechheimer et al. (1963) and Herschler & Fechheimer (1967) suggested that the primary factor modifying gonadal development in freemartins is the pres¬ ence of Y-chromosome-bearing cells in the genetic female at the time of gonadal differentiation.
Jost (1955, 1967) (Davidson & Flute, 1962; Miller, 1962; MacLean, 1962; Murthy & Haam, 1962 (Turman, Renbarger & Stephens, 1968 Greenblatt & Manautou (1957) . Sex nodule counts were determined from smears prepared from peripheral blood collected from all male and female animals before slaughter (Greenblatt & Manautou, 1957 (Sohval, 1963) .
Mammary gland development was rated subjectively at 10 months of age by measuring teat length and by palpating the gland. Ratings ranged from 1 to 5; I for normal and 5 for those most inhibited.
Reproductive tracts were recovered from all females at 12 months of age, examined for gross abnormalities and assigned an overall transformation rating from 1 (normal) to 5 (very extreme). The subjective rating was based primarily on the presence of feminine structures and their relative degree of transformation. All gonads and samples of tissue from other reproductive organs were fixed in Bouin's fluid. Following routine processing and paraffin-wax embedding procedures, the tissue was sectioned and stained with haematoxylin and eosin for microscopic examination.
RESULTS
All females from heterosexual births were freemartins with female external genitalia. All freemartins had an enlarged and/or segmented clitoris; however, no structure resembling a vestigial penis was observed. The mean vaginal length in the dissected freemartin reproductive tracts was 11-2+ 1-9 cm terminating at a point comparable to the urethral fold in the normal female. The mean vaginal length from the clitoris to the urethral fold in the normal female was II -9 ± 1 -0 cm. Total vaginal length from the clitoris to the cervix in the normal female was 37-0 + 4-1 cm.
The degree of transformation and inhibition of the internal reproductive structures in all freemartins was extreme to the extent that none approached normal, but relative differences within and among those from the different sex ratios at birth were noted (PI. 1, Figs. 1 There are no female structures anterior to the vagina; however, both ducts end with a slight increase in size. Fig. 4 . A freemartin reproductive tract from a birth with four males and one female. Total inhibition of the Miillerian ducts anterior to the rudimentary vagina. Fig. 5 . The arrows indicate gonads at the end of the Miillerian ducts. Fig. 6 . A typical uterine structure and two gonads. The arrow indicates an ovarian plexus. Fig. 7 . A 'drumstick' of a polymorphonuclear neutrophil leucocyte nucleus. Fig. 8 . A 'sessile body' in a bilobar neutrophil leucocyte nucleus.
The degree of mammary gland development in the freemartins was signifi¬ cantly more inhibited (P<0-01) than in the normal females; a mean score of 2-7 ±0-6 for the freemartins compared to 1-0+0 for the normal females. No differences in mammary development among the different sex ratios at birth were noted. 
DISCUSSION
The degree of transformation of the reproductive tracts from the freemartins described in this report was more extreme than for similar individuals described in the literature ; especially those from births with a higher female : male ratio (Bissonnette, 1933; Rajakoski & Hafez, 1963) . The length of the vagina from the clitoris to the urethral fold which was comparable in both freemartins and normal females offers good evidence that the vagina had completed, or neared completion of its differentiation to this point before any inhibitory influences from the co-birth male could manifest themselves regardless of the sex ratio in utero.
The proportion of freemartins in which gonads were absent was less than that generally reported in the literature (Rajakoski & Hafez, 1963; Herschler & Fechheimer, 1967) . On the other hand, Sweet, Matthews & Graves (1940) reported on fifteen freemartins studied up to 18 months of age and found a high percentage with no gonads. A large proportion of the freemartins with gonads were from births with a higher female : male ratio and these tracts were less masculinized and included a lower proportion with seminal vesicles. Therefore, it would appear that the differentiation of the internal organs in some instances was totally inhibited and the gonads did not develop. Sweet et al. (1940) found that the size of the rudimentary penis decreased and that of the mammary gland increased in some freemartins while the reverse occurred in others from birth to 18 months of age. This suggests that the gonadotrophin levels may vary widely among neonatal freemartins and might also suggest that regression of the gonads after parturition was partly responsible for the total absence of gonads in eleven of the freemartins.
The presence of juvenile seminal vesicles in fifteen of the seventeen reproduc¬ tive tracts, the enlarged clitoris, decreased mammary gland development and total suppression of the differentiation of the Miillerian ducts anterior to the urethral fold of the vagina might support the suggestions of Jost (1955 Jost ( , 1967 that the foetal testis may produce testosterone-like substances that stimulate the Wolffian ducts and another substance that causes regression of the Miillerian ducts. However, this would not account for the absence of gonads in eleven of the freemartin tracts unless they regressed following birth.
These data would not support the foetal hormone threshold level proposed by Bissonnette (1933) 
